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FUNCTIONAL STABILm OF CEREBRAL CIRCUIArORY SYSTEM 
By YU. Ye. Moskalenko* 

Hie activity of the cardiovasojtlar system eis is known, e}q3eriences signif- 
icant changes linked to the most diverse reasons governed by certain vital situ- 
ations. Has includes in the first place changes of an active mture that are 
caused by not always adequate reactions of the heart and vessels to physical 
and enotional loads. Another form of change, central hemodynamic shifts of a 
passive nature, occur during movements and chianges in thte body position in a 
vertical plane cuid mainly concern the systems of capacious vessels. Both types 
of changes in the indices of central hemodynamics are in explicit contradiction 
to thve needs of a nunber of vitally imaortant organs, in the first place the 
brain and kidneys that require an always intensive and lit* le-changing influx 
of blood. 

The given contradiction developed, apparently, at certain stages of evo- 
lution, when the functional directivity of the central organs and circulatory 
systans that has consisted frcm the beginning of guaranteeing the circulation 
of the muscle and digestive system that changes in very broad limits, ceased 
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tute of Evolutionary Physiology and Biod^emistry of the USSR Academy of Sci- 
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to satis^ the need of the systans that developed in evolution later. Such 
systanns prijnarily include the systans of controlling the aK±ivity of the orga- 
nism and guaranteeing its water^saline homeostasis that has b^n studied the 
best — the central nervtws system and the kidneys. An increase in their role /590 
was one of the critical stages in the evolution of vert^arat^. 

A consequence of the contradictioi of the functional directivity first 
developed in the process of evolution in the centred region of the circulatory 
system and the needs of the organs and systems that develqped at its subsequent 
stages, but on \ihose constant activity the conditi<3n of the organian as a vA»le 
depends, was the devekpment of special mechanians tc stabilize the organ blood 
flow, its isolation fron disturbances on the part of central hemodynamics. iMs 
includes mechanisms of both an active physiological nature that have been well 
studied in recent years in the exanples of functioning of the vascular systems 
of the brain and kidni^s during changes of perfusion pressure that have received 
the ;»ame "autoregvdation of blood flew" [6, 14, 20] , and of a passive nature 
that are governed by features of the biophysical structure of the vascular sys- 
tems of these organs 18, 18] . The given mechanisms fom an important property 
of the vascular basin in the examined group of organs; in their essence they 
aure similar to the property of stability that is known for a broad class of 
ccmplicatea systems [1, 2] , the capacity to withstand external disturbances or 
functional stability of the system of organ circulation. This concept conse- 
quently characterizes tl»e capacity of the organ vasculeu: raechanisns to fulfill 
their functional task, namely, maintenance of organ homeostasis or circulatory 
support of the organs on the background of a change in the activity of the 
central divisions of the cardiovascular system with regard for the changing 
metabolic needs of individxied sections of the organ, and even possibly, individual 
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cellular assennblies. Itiis property of certain regional vascular basins is 
inport2Uit in the most diverse external effects and conditions of the organism 
that are often reduced to a change iii organ perfusion pressure and chemistry 
of the blood. Here the task caisists not only of maintaining the necessary 
minimum si^ly of nutrients, but also preserving the organ from surpltis blood 
si^ly, since the latter is inpartant in terms of saving the general consunption 
of blood and as a measure of preserving organ vessels from excessive pressure 
differentials. It follows from here that an assessment of the functional sta- 
bility of a certain regional vascular basin, as well as observation of its 
(^namics can be an objective criterion for the effective fulfillment them 
of their functional task during certain effects on the organism or its different 
oonditions. The ccniion nature of this concept on stability for the most 
diverse types of ccmplicated systems opens up additional possibilities for 
^yroaches to solving certedn problems of plysiology of regional circulation, 
by using the currently well-develc^ied methods and approaches of research on 
ocnplicated systems, taking into consideration naturally, the specific nature 
of the structural-functional organization of each specific regional vascular 
basin. 

In relation to vhat has been said this article hcis the goal of viewing the 
a pplica bility of the aforementioned general oono^ts on the functional stability 
of organ circulation in the example of one of the particular problems, namely, 
the features of circulatory s\^pport for the activity of the brain as a single 
functional link under altered conditions of influx or efflux of blood from the 
cranium, eUEter focusing especial attention on the role of the central regulatory 
mechanism in this process. 
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TECHNIQUE 


A Study of the functional stability of organ vascular mechanisms with the 

use of princi{}les, methods and c^sproaches of investigating canplicated systems, 

including mathematical modeling ^idiich has already justified itself in solving 

a nurber of questions of the physiology of cerebral cxxulation [7]), first of all 

requires the detection of means by vbich the disturbing factors that eiffect 

the examined functional unit enter on the part of other systems of the organism 

or "inlets" of the studied system and caaminication canals of the result of its /591 

fuixrticming with other functional units, or its "outlet." As €^lied to the 

^tem of intracranial circulation its "inlets" are the levels of system arterial 

and venous pressure, and the "outlet" is the average intensity of the cerdaral 

blood flow. An evaluation of the functional stability is reduced to a certain 

« 

method of studying the systems, namely, clarification of the features of anpli- 
tucte and time relationships bebtiieen the changes in the levels of "inlets" and 
"outlet" of the system during a dosed effect on its "inlets." The latter, evi- 
dently, can be attained with the help of directed functional loads. 

Thus, a stxxfy of the characteristics of the functional stability of the 
cerebral circulatory system is reduced to a simultaneous recording of two groqps 
of indices — systatis arterial and venous pressure on the one hand, and average 
intaisity of cerebral blood flow on the other. If the recording of the first 
of the indicated groups of indices can be accurately and dynanically implemented 
to a sufficient degree with the help of electroMuiometers of different designs, 
then the most adequate for recording the average intensity of cerebral blood 
flow is the corbination of one of the kncwn modifications of the Klirens tech- 
nique, quantitative, but discrete, with qualitative, but dynamic technique, for 
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exanple with elec±roplett^snograpiiy, that imjtU 2 dly si;^lement each other [4, 17] . 


As functioial tests to evaluate the limit and oGR|>letene8a of £unctic»al 
stability in the cerebral circulatory system one can use orthostatic effects, 
the tests of Val'sal'va, Kvekkenshtedt, short-term pinching of the carotid 
artery and other effects that alter the conditions of influx and efflux of blood 
froQ the oraniiin, or the characteristics of central hemodynamic activity. In 
analyzing the obtained results one should take into consideration several indict 
that afford the possibility of approaching a quantitative evaluation of the 
condition of functional stability of the cer^sral circulatory system according 
to the features of the relationship for it of "pressure-blood flow" in the 
generalized form indicated in Figure 1. Such indices primarily include the 
limits of functional stability 1, lower and \;pper boundaries for the effective- 
ness of regulatory mechanianns 2 and 3, angle of incline of the placeau of curve 
4. If the first three indices characterize the limits of the functional sta- 
bility, the fourth indicates its quality. In evaluating the features of the 
dynamics for functional stability of the cerebr£d circulatory system in certain 
6}q3erimental conditions, or with different conditions of the organism it is 
convenient to use a specied. coefficient that is derived on the beisis of the 
autoregulation index [11], R — 1— — * 

vhere K~coefficient that characterizes the functional stability of the studied 
system, Rq and Pp— initial values of resistance and pressure in the cerdaral 
vessels, AR cuii AP--changes in these amounts with certain effects on the studied 
systan. With K=*0— there is no functional stabilily; K>0 indicates the presence 
of regulatory processes directed towards maintaining funct ion n l stability of 
the «»vaniinpid System, vdiere with K<tl the functional stability is reduced, while 
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K>1 designates h^perocqpensation. Ocxoplete functional stability is character- 
ized by the value K«l, vhile characterize distorted reactivity. 
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Figure 1. Generalized Curve Characterizing tlie Functional Stability of the 

Cer^aral Circulatory System and Certain Criteria for Evaluating It. 

Key; 

1. limits of functional stability P. pressure 

2,3. its lower and u{^)er limits respect- Q. blood flow 

ively 

4. index for quality of functional 
stability 

A study of the physiological mechanisns that are at the basis of the func- 
tional stability of the cerebral circulatory system in tiie first place requires 
observation of the feature of its dynamics with the help of the techniques 
listed above, according to the indices presented in Figure 1, with directed 
effects on certain elements of the studied system with the help of procedures 
that havt long beei entrenched in the practice of fhysiological research— mech- 
anical or chemical damage to individual structural links in order to disengage 
them from participating in the studied processes, as well eis physical or chem- 
ical stimulation of individual structural elements in the system in order to 
detect their functional iitportance. 

All that has been stated mainly concerns the method aspects of the general 
plan, that are scroetimes no less iiqportant th£ui analysis of particular techniques. 
The cited discussion on the principle of tse e^proach are afplicable evictently. 
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not only for an investigation of the vascular basin of the bredn, and indicate 
that a ^t€ns approadi introduces a significant orgemizing principle alreaify 
at the stage of setting the study, making it possible to rediK^e the known 
techniques and esq^erimental approaches to a precise plan. 

RESULTS CF STODY AND THEIR DISCUSSION 

EKtaisive factual material that has been aocunulated by now on the func> 
ticning of the vascular cerebral mechaniaos, incl\]ding our data that were d>- 
tained recently, is distinguished by very different plans and nonunifQrm coverage 
of individual qu^tions. However its analysis with regard for the priiv^iples 
of the systems approach to the study make it possible to isolate several grot^ 
of facts that indicate both the feature of the functional stability of t]:^ cere- 
bral circulatory system, and the pl^siological mechaniaus that are at its basis. 

1. Under normal pl:^siological conditions the total cerebral blood flow 
remains practically ccs^tant durii^ charges in the systems arterial pressure in 
limits fron 60 180 mtiHg; with changes in the intracranial or venous pressures in 
limits of 15-80 itmHg, or changes in both of the indices such that the perfusion 
pressure through the brain could not fall below 40 iiinHg [6, 22, 9] . A study of 
the temporal indices for the mechanisms' tlat are at the basis of tjie f\aicticnal 
stability of the cer^sral circulatory system demonstrated that the time for its 
triggering is a fairly ocffistant amount in each specific experiment, fluctuating 
in different animals from 25 to 60 s (6] ; in man under normal 0iysiological condi- /593 
tions it is 15-30 s. The studies conducted fron a ooraparative physiological 
aspect demonstrated that active physiological rea c ti o ns directed towards normal- 
ization of blood filling of the cranial cavity (Figure 3) are observed for the 
first time at the level of higher reptiles [10] . 
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Figure 2. Dynamics for the Coefficient 

that Characterizes the Functional 
Stability the Cerebral Circu- 
latory System with Different 
lypes of Narcosis 

Key: 

1. ether 

2. barbiturates 

3. flvKsrothan 

on X axis — concentration of narocxais in 
con. un. 




Figure 3. Limits of Functional Stability of Cerebral Circulatory Systan in Repre- 
sentatives of Certain ^)eci^ of Vexrt^srates with Longitudinal Gravity 
Load (GZ in lag-head direction) 

2. Ibe coefficient that characterizes the functional stability under normal 
physiological cxnditions close to a unit significantly changes in different situ- 
ations, v^ch indicates the c^niamics of the functional stability in the exam- 
ined system. Ihua, it undergoes oon^licated cdiauiges during different types of 
narcosis (Figure 2} , gradially paissing fron the phase of conplete functionad 
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stability to the phase of its deoline, and further-^i sappaaranoe of the active 
regulatory ccnpcxiait. Ihe given fact indicates in turn the in|x»rtance erf seise- 
ting experiitiental conditions to study the phenonoiology of functional stability 
in the cerebred circulatory system. 

3. Ihe lower and upper limits of functional stability, as %«ell as the 
incline of the curve plateau undengp significant change different links 

of the central regulatory mechanisms are ed^fected. Thus, during desyirpathizaticfft 
the lower limit is changed in the functicml stability, at the same time the 
primary effect observed inmediately after disenga^ment of the svnf»thetic inner- 
vaticn significantly differs from the effect observed in later periods [15, 21] . 

The oc»idition of functional stability can be altered during a nunto: of external 
effects, vhich is indicated in peurticular by facts on the ^mamics of intra- 
crcinial human rheograros (Figure 4) in response to functional Iraida recorded in 
different periods of a space flight [19] . The functioned stability is signifi- 
cantly altered in a nuniier of pathological oonditicais, for exeanple, during 
cranial-cerebred injury [14, 20]; here observaticn of its cheuracteristics, in 
our opinion, can provide valuable informatics in teme of c^timizing thera- 
peutic neasures. 

4. The features of biophysical str\icture of the cerebral circulatory systan 
that consist of a constant amount of fluid in the closed cranial cavity and the 
possibility of efflux of a certain voliane of liquor fron the cranial cavity into 
the vertebral cavity through an opening of restricted diameter [8] (teterroine 

in certain limits the low critical level of the relationship betwe^ tiie total /594 
hydrodynamic r^istance of the cerebral vascular system and arterial pressure. 

This property that was shown for the first time by calculations on simple models 
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Figure 4. Dynanics for Functional Stability of Cerebral Circulatory Syitaa in 
Different Periods of ^>aoef light (according to data fran prooessing 
intracranial rheogrenas recorded in can iB e mber of orbital station 
"Salyut-4" V. I. Sevast'yanov) . 

Key: 


I. before flight 1 

U. eighth day of fli^ 

III. twentieth day of fli^ 

IV. fifth day after fli^t 
white oolmn — before load 
black oolvmns-'-after load 


2, 3. indices of xheoenoqphalograns 

indirectly characterizing oondi< 
tion of large arteries, snail 
arteries and veins of the bradn 
respectively. As a functioned 
load negative pressure was used 
applied to the lower half of 
the body. 


and confirmed by further studies (8, 10] , in turn prcvides the basis for a oonclu> 
sion that the functional stability of the cerebral circulatory ^tan has at its 
basis alao a passive biodionical mectuudsm. Althou^ it is still difficult to 
provide a oonclu.'*ion about the boundaries for the effectiveness of the given 
roechanien, the results of modeling the intracraninl bicroedianics [8] provide 
the grounds to hypothesize that the bicnechanical phenomena prenote the main- 
tenance of functional stability in the cerebral c i r cu l ato r y system with low 
levels of arterial pressure, and a p parently determine its loss with a further 
reduction in arterial pressure. 
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The cited four gxoi^ of facta daocsiatrate thus, that the ooncq>t v#e 
tnopoaed that by analogy %dth a ainxllar pKcperty in ocnplex ayatana waa called 
the functic»ial atabllity of the cerebral circulatory ayaten, diaractiisrizea the 
proper^ of the cerebral vaacular ayatan that haa been acquired through evolution 
and conaiata of the capacity to guarantee natural circulatory haneostaaia. In 
ita meaning and pl^iological inportance thia oonc^>t haa been acc^>ted more 
broadly in recent years than the concept cf "autoregulation of blood flov^," 
aince it refers not only to perfusion pr^nue, but also to other indices, for 
ex£nple blood chaniatry. It is also distinguis hed by the fact that a ridi method 
arsenal of stocking a similar property in the most diverse complicated s^tans 
is j^licable for its study and evaluation. Althou^ the use of such an approach 
to studying the functioial stability of the cerdsral circulatory system is in 
the beginning phase, and a lot of vcrk remains to clarify the boundaries of 
applicability of certain methods of stability evaluaticai to solving physiological 
tasks, even now oie can conclude that this is a constructive method for gsier- 
ating objective criteria to eveduate the given property of jiysiological systems. 
ltu£, based on the facts gi^^ above one can oonclute that the indices pr^ented 
in Figure 1 reflect the quantitative aspect of the ad£^tation capacities of the 
studied system, vhile the tenporary char«±eri8tics indicate the rate of tran- 
sition from one condition to another during different effects an ti»e organism, 
and the rate of normalization after the effect has stopped or the lability of 
the regulatory processes. Although the feKrtual material that has been aocmulated 
by now does not yet make it possible to reveal all the features of the infor- 
mation content of each of estanined indices (this requires fxirther directive 
study) , one can esqject adreac^ on the basis of the data given ebove that ideas 
on the functional stability will be useful for investigating the effect on the 
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organiaD of different extemad factors/ as \«ell as to c^rtiioize therapeutic 
pcocedo r es on a nunter of pathologiced oOTiditions. 

In touching i;Q)cai the c^iesticm of the mechanisnis at the basis of functioned 
stability of the cerebral circulatory systaii/ one should note that the known 
materials indioating the nature of their active oaoponent are very vast [5, 8, 20] 
and they can be pres^ted in the fom of the following groups of facts: a) data 
on the presence of adrenergic and cholinergic effects on oer^xral vessels repre- 
senting the re^ilts of morphologiccd studies that indicated the presence of 
rich innervaticai in the walls of the cerdbrad vessels of all levels, all the way 
to precapillaries / as well as experiments that reveal the sensitivity of the 
cerdural vessels to specific mediators and detected the presence of direct res- 
ponses of the cerebral vessels during electrical stimulation or cutting of the 
synpathetic and parasynpathetic nerve fibers; b) morjhDlogical data on the 
presence of a broad representation in different segments of the cerdsral vascular 
system, in the dura mater, in the main arteries that deliver blood to the bredn /595 
of the receptor zones, as the minimum of two modalities — baro-and chemo-rec^tors; 
c) data of a physiological plan on the sensitivity of cerebral vessels to dif- 
ferent chemical factors formed in the process of cerdural activity, as well as 
materials that indicate the direct sensitivity of cer^ral vascular walls to a 
change in intracerebral pressure. 

These data make it possible to isolate a number of regulatory effects on 
cerdbral vessels, that, by using principles of systans ^proach, can be pre- 
sented in the form of a plan shown in Figure 5, This plan clearly reveals sev- 
eral contours of regulation that are characterized both by direct paths of 
influence on the vessels, and by chains of feedbac k that c3orrespond to nyogenic. 
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metabolic and neurogenic mechaniaos for regulating cerebral circulation. These 
mechanisms recently were extar^ively discussed in the literature and at times 
oontreusted vrith each other. The given plan shows that the latter is hardly cor- 
rect, since the regulatory structure that it fozroalizes, that includes several 
contours of regulation, should possess significantly greater reliability in 
terns of guaranteeing functioned stability of the examined system, than if it 
was based cxi aiy one regulatory contour. It is logical to conclude that the 
greatest regulatory potentialities in the plan shown in Figure 5 are found in 
the neurogenic raechanian, in vhich the adrenergic and cholinergic innervation 
should be viewed as paths ffor transmitting the regulatory effect to the executive 
link, the smooth muscle of the vessel, vhile the receptor zones mentioned abeve 
are the receiving links in the i^uiogaiic contour of regulation that e^sparently /596 
include the central nervous formation. The latter is indicated, for example, 
by the data given above on the easy susceptibility to damc^e of the mechanisoos 
for fxjinctional stability of the cer^Mral circulatory system during narcosis, the 
effect on it of specific afferent incises developing under conditions of space 
flight. A large number of researchers share the cpinion on the participation 
of central nervous formations in regulating cerebral circulation; at the same 
time there are still direct indications of the localization of these formations 
[13, 16] . More problematic is the gu^tlon of the link between the central 
neurogenic corpcaient for the raechanian of functional stability of the oerdaral 
circulatory system, and the raechanian for regulation of the system's, arterial 
pressure. However indications have recently appeared not only of their diff cr- 
eate, but even the reciprocity of interrelationships between the central regu- 
lations of the system's arterial pressure and cerebral circulation [3] . Thus, 
one can draw a conclusion with a high degree of probability that the central 
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Figure 5. Functional Plan for Regulatory Effects on Cer^aral Vessels Constructed 
fran Positions of Systems Af^roach 

Dotted lines show the links whose existence is still fypothetical. 

neurogenic link is one of tiie main mechanisms at the basis of functional stability 
of the cerebral circulatory system, but the qtaestion of the nerve fomations 
realizing it and their interrelationship with the vasomotor center of the med- 
ulla oblongata still ranains very problenatic. 
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